Objectives: The purpose of this study was to clarify the prognostic factors for cervical spondylotic amyotrophy (CSA). Methods: The authors retrospectively reviewed the medical records of 47 consecutive patients with CSA in whom the presence/ absence of the pyramidal tract sign was noted. We analyzed whether the age, sex, presence of diabetes mellitus, medication (vitamin B12), type of the most atrophic and impaired muscle, the muscle strength at the presentation, the presence of the pyramidal tract sign, magnetic resonance imaging (MRI) findings, including the presence and number of T2 high signal intensity areas (T2 HIA) in the spinal cord and the conversion to surgery were associated with the recovery of muscle strength in the patients. In addition, we also investigated whether the duration of symptoms before surgery and the type of surgery were associated with the recovery of muscle strength in patients who required conversion to surgical treatment. Results: The presence of T2 HIA on MRI (P ¼ 0.002), the number of T2 HIA on MRI (P ¼ 0.002) and conversion to surgery (P ¼ 0.015) were found to be significantly associated with a poorer recovery at the observational final follow-up. Further, the presence of the pyramidal tract sign (P ¼ 0.043) was significantly associated with a poor recovery at the final follow-up after surgery. Conclusion: The presence of a high signal intensity change on T2-weighted MRI and the pyramidal tract sign can be used as prognostic factors for patients with CSA.
INTRODUCTION
Cervical spondylosis is a degenerative change of the cervical spine, and it has been known that it sometimes induces neurological symptoms as a result of spinal cord and/or nerve root compression induced by the degenerative changes of the cervical spine.
In 1952, Brain et al. 1 first described cervical spondylosis cases that had muscle atrophy in the upper extremities without sensory disturbance or pyramidal tract signs. In 1965, Keegan 2 reported a case of cervical spondylosis with dissociated motor loss in the upper extremity, which was characterized by severe atrophy of the deltoid and biceps brachii muscles, mild sensory disturbance, no pyramidal tract sign and selective compression on the anterior nerve root of the cervical spine demonstrated by a pathological examination. Furthermore, the clinical entity of cervical spondylotic amyotrophy (CSA) was established by Sobue et al. 3 in 1975, and they indicated that its main clinical symptoms are muscular atrophy or weakness of the upper extremities with no or insignificant sensory disturbance and the presence of the pyramidal tract sign reflecting the involvement of the white matter of the spinal cord in lower extremities was an acceptable finding. 3, 4 However, in the previous studies, whether or not the authors accepted the presence of the pyramidal tract sign varied, as its inclusion in the diagnostic criteria for CSA has been controversial, or was obscure in some of the previous studies. The purpose of this study was to investigate several factors in CSA patients who were diagnosed, accepting the presence of the pyramidal tract sign, and to clarify whether or not these factors, including the magnetic resonance imaging (MRI) findings and the presence of the pyramidal tract sign are associated with the neurological prognosis.
MATERIALS AND METHODS
We retrospectively reviewed the medical records of 47 consecutive patients who were diagnosed with CSA between January 2003 and December 2012 at our University Hospital. The average patient age at the onset of the symptoms was 61.5 years (range, 37-82 years). There were 38 men and 9 women. The average duration from the onset of symptoms to the final follow-up was 30.0 months (range, 6-192 months). We included the patients with CSA in this study when the following criteria were fulfilled: (1) degenerative changes identified by X-ray of the cervical spine, (2) unilateral muscular weakness scored between 0 and 3 on the manual muscle test (MMT) of any muscle of the upper extremities, (3) no or insignificant sensory disturbance and (4) the presence or absence of the pyramidal tract sign in the lower extremities.
Patients who had a past history of cervical spine surgery, ossification of the posterior longitudinal ligament of the cervical spine or a diagnosis of motor neuron diseases ascertained by a neurologist were excluded from this study. Moreover, we excluded CSA patients who had muscular atrophy or weakness of the bilateral upper extremities to avoid any confusion. 5 We retrospectively collected data from these patients with CSA regarding the age, sex, presence of diabetes mellitus, medication (vitamin B12), type of the most atrophic and impaired muscle (proximal type: impairment of the deltoid and biceps brachii muscles, distal type: impairment of the triceps, forearm and hand intrinsic muscles), MMT score of the muscles in the upper extremities at the time of presentation as determined by at least two authors, the presence of the pyramidal tract sign, the presence and number of T2 high signal intensity areas (T2 HIA) in the spinal cord were evaluated using axial and sagittal MRI by two authors (YI and HI), and the need for conversion to surgery after the observational follow-up. Moreover, we also collected data regarding the duration of symptoms before surgery and the type of surgery in patients who required conversion to surgical treatment.
In order to evaluate the recovery of the muscle strength of the most atrophic and impaired muscle, we used the MMT and classified patients into four recovery grades: 'excellent' , full recovery or recovery to a MMT grade of 2; 'good' , one grade of recovery; 'fair' , no improvement and 'poor' , worsening of the condition. Furthermore, we categorized patients into two groups based on the results of the recovery grade of the muscle strength, that is, a good recovery group including patients with 'excellent' and 'good' outcomes and a poor recovery group including patients with 'fair' and 'poor' outcomes.
We investigated whether any of these factors had an impact on the neurological prognosis of CSA using a statistical analysis.
Statistical analysis
The data were expressed as mean ± s.d. The statistical analysis was carried out using Fisher's exact probability test, the w 2 -test and Mann-Whitney's U-test. We used a Spearman's correlation coefficient analysis to determine the correlations between variables. All of the analyses were conducted using the IBM SPSS Statistics 19 software program (IBM Japan, Tokyo, Japan), and a value of Po0.05 was considered to be significant.
RESULTS

Evaluation of the recovery of muscle strength at the final observational follow-up
For all 47 patients with CSA, an observational follow-up examination was performed as the initial management. The duration from the onset of symptoms to recovery assessment at the final observational follow-up was 18.0 ± 33.7 months. The characteristics of the 47 patients are summarized in Table 1 . Of these 47 patients, 16 patients were classified as having an excellent outcome, 6 as good, 24 as fair and one as poor, respectively, at the final observational follow-up. Therefore, 22 patients were categorized as the good recovery group and 25 as the poor recovery group. There were no significant differences between the two groups regarding the age, sex, diabetes mellitus, medication (vitamin B12), type of the most atrophic and impaired muscle, MMT score of muscles at the presentation or presence/absence of the pyramidal tract sign. On the other hand, the presence of T2 HIA on MRI (P ¼ 0.002) and the number of T2 HIA on MRI (P ¼ 0.002) and the number of patients requiring conversion to surgery (P ¼ 0.015) were found to be significantly higher in the poor recovery group compared with the good recovery group (Table 2) . Furthermore, the presence of T2 HIA on MRI was significantly associated with the need for conversion to surgery (P ¼ 0.036), and the recovery grade of the muscle strength had a significant negative correlation with the number of T2 HIA on MRI (r ¼ À0.479, P ¼ 0.001).
Evaluation of the recovery of muscle strength at the final follow-up after surgery After the initial observational follow-up, 18 of the 47 patients underwent surgical treatment, including 4 cases of anterior discectomy and fusion and 14 cases of laminoplasty via the posterior approach. The duration from the onset of symptoms to recovery assessment at the final follow-up after surgery was 40.4±26.1 months. The characteristics of these 18 patients are provided in Table 3 . Of these 18 patients, 10 patients were classified as excellent, 5 as good, 2 as fair and 1 as poor, respectively, at the final follow-up after surgery. Therefore, 15 patients were categorized in the good recovery group and three in the poor recovery group. There were no significant differences between the two groups regarding the age, sex, duration of symptoms before surgery, diabetes mellitus, type of the most atrophic and impaired muscle, MMT score of muscles at the presentation, the presence and number of T2 HIA on sagittal MRI and the type of surgery. However, the presence of the pyramidal tract sign (P ¼ 0.043) was significantly associated with a poor recovery at the final follow-up after surgery (Table 4) . 
DISCUSSION
Concerning the pathophysiology of CSA, it has been speculated that the damage to the gray matter, including the anterior horn of the spinal cord or anterior nerve root, induces symptoms including muscular atrophy or weakness of the upper extremities in patients with CSA. It has also been reported that vascular insufficiency to the anterior horn may be associated with the onset of the symtoms. 2,4,6-8
Furthermore, it has been reported that neurological symptoms of the gray matter of the spinal cord occur as a result of spinal cord compression by the cervical degenerative changes in patients with the early stage of cervical spondylotic myelopathy (CSM), and later, the compressive spinal cord lesion in CSM gradually spreads to the white matter. 9 Therefore, CSA has been considered to be a subtype of CSM, that is, the selective damage to the anterior horn in the gray matter induced by the cervical degenerative changes in CSA resembles the early stage CSM. However, whether or not the presence of the pyramidal tract sign reflecting the involvement of the white matter is accepted in the inclusion criteria for CSA is controversial, 2,3,10 and it has also not been clearly described in many of the previous studies. In this study, we included patients with CSA in whom the presence of pyramidal tract sign was evaluated and accepted in the inclusion criteria, and investigated the prognostic factors for the pathology in these patients.
In this study, we found that the pyramidal tract sign reflecting white matter involvement was significantly associated with the neurological prognosis in CSA patients after surgical treatment. Therefore, based on our results, it was considered that the presence of the pyramidal tract sign can be used as a poor prognostic factor in surgically treated CSA patients. However, Inui et al. 11 reported that the pyramidal tract sign was not associated with the prognosis, not only in conservatively treated patients, but also in surgically treated patients. Although further investigations will be needed to explain the inconsistencies between the studies, the differences in the regimen used for conservative management may be at least partly responsible. That is, the use of preoperative continuous cervical traction for CSA patients for at least two weeks in their study might have affected the prognosis of surgically treated patients who were positive for the pyramidal tract sign after conservative management, whereas no special intervention was applied as initial observational management for most of the CSA patients in this study. In addition, some patients received vitamin B12; however, such administration had no significant impact on the neurological prognosis.
There have been several reports regarding the association between CSM and the MRI findings of the cervical spine, including the signal intensity change of the spinal cord on T2-weighted images. It has been reported that those signal intensity changes are associated with a poor neurological prognosis after decompression surgery for CSM. [12] [13] [14] [15] On the other hand, Tauchi et al. 16 recently reported that the MRI findings of the spinal cord were not associated with the surgical outcome in CSA patients, and they speculated that the compression or damage in the cervical spine was localized in the anterior horn of the spinal cord or the ventral nerve root in affected CSA patients, although it exists in the central portion of the spinal cord in most CSM patients. In the present study, we investigated the association between the signal intensity changes of the spinal cord on T2-weighted MR images and the neurological prognosis not only at the final observational follow-up, but also at the final follow-up after conversion to surgery, and we showed that CSA patients with high signal intensity changes on T2-weighted MRI had a poorer neurological prognosis compared with those without the high signal intensity change, although no significant difference was noted when the analysis was limited to the patients who required conversion to surgery. On the basis of these results, we considered that the presence and number of the high signal intensity areas on T2-weighted MRI can be used as a prognostic factor to predict the neurological prognosis in observational follow-up patients, and that conversion to surgical treatment may be warranted after a period of observational management, if high signal intensity changes are observed on T2-weighted MRI. On the other hand, a high signal intensity change on T2-weighted MRI was not associated with the neurological prognosis in patients who required conversion to surgery, similar to some previous studies. 16, 17 There were several limitations to the present study that should be kept in mind when interpreting the results. First, the treatment protocol, including the observational follow-up period, indications for surgical treatment and the type of surgery were not unified in the patients, because this was a retrospective study. Second, there was a possibility that the study was underpowered to identify any significant difference regarding the neurological prognosis, because the sample size in this study was relatively small. Third, although we demonstrated the possibility that spinal cord involvement in CSA was associated with its prognosis, we could not prove this using more detailed methods, such as electrophysiological or pathological methods or recently reported modalities, such as MRI/(18)F-FDG PET fusion imaging. 18 Although further study will be needed to identify additional prognostic factors for CSA, this study is considered to be a precious study of CSA, because it clearly shows that the signs of spinal cord involvement, including the MRI findings and pyramidal tract sign, can be used as prognostic factors for CSA.
In conclusion, we speculated that the presence of a high signal intensity change on T2-weighted MRI and the pyramidal tract sign reflecting the spinal cord pathology can be used as prognostic factors for patients with CSA, including when the diagnostic criteria for CSA include the patients with the pyramidal tract sign.
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